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AB STRACT

This note sum ma rizes me te o ro log i cal ob ser va tions in the Tanggula re gion of the Ti betan Pla teau in 2005. The vari a tions of 

the wind ve loc ity, air pres sure, ra di a tions, air tem per a ture, rel a tive hu mid ity, pre cip i ta tion and the soil mois ture con tent at 5 cm

are shown. The vari a tions of the ob served items have sea sonal and diurnal characteristics.
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1. IN TRO DUC TION

The Ti betan Pla teau has a mean el e va tion of over 4000 m. 

It is the third ter race of the China con ti nent (Zhou et al.

2000). It plays a sig nif i cant role in the Asian mon soon sys -

tem (Yeh and Gao 1979). There is a ther mal an ti cy clone

above the pla teau (Flohn 1957; Yanai et al. 1992). Yanai et

al. (1992) in di cated that the Ti betan Pla teau main tains a

large- scale ther mally driven ver ti cal cir cu la tion which is

orig i nally sep a rated from the plan e tary-scale mon soon sys -

tem. It is im por tant to un der stand the mech a nisms of the heat 

and wa ter cy cles over the Pla teau. The re search work con -

cern ing land-at mo sphere in ter ac tion has at tracted the at ten -

tion of geoscientists in ter na tion ally.

Re cently, sev eral large re search ex per i ments were ac -

com plished on the Ti betan Pla teau. In 1979, the Chi nese

Qinghai-Xizang Pla teau Me te o rol ogy Ex per i ment (QXP -

MEX) was car ried out. From 1982 to 1983, the Chi nese sci -

en tists in ves ti gated heat sources on the Ti betan Pla teau for 

the whole year and ob tained long-time so lar ra di a tion data

for the re search work on ground sur face heat bal ance (Ji et

al. 1986). The GEWEX (Global En ergy and Wa ter Cy cle

Ex per i ment) Asian Mon soon Ex per i ment (GAME) started

in 1996. In sup port of this in ter na tional pro gram, the Se -

cond Ti betan Pla teau Ex per i ment of At mo spheric Sciences

(TIPEX) was ini ti ated by Chi nese re search ers in 1998; fol -

low ing that, the CEOP (Co or di nated En hanced Ob serv ing

Pe riod) Asia-Aus tra lia Mon soon Pro ject (CAMP) on the

Ti betan Pla teau (CAMP/Ti bet) was per formed from 2001

to 2005. The World Cli mate Re search Pro gram (WCRP)

Cli mate and Cryosphere Pro ject (CliC) also re garded the

Ti betan Pla teau as an im por tant re search re gion, and they

put for ward the land-sur face pro cesses in the per ma frost

re gion should be stud ied fur ther. Those sci en tific ex per i -

ments made rapid prog ress in ob ser va tional stud ies and re -

vealed some land sur face pro cesses about the sur face en -

ergy bud get, re gional evap o ra tive frac tion and the sea sonal

vari abil ity of soil mois ture dis tri bu tions (Tanaka et al.

2001; Hirose et al. 2002; Ma et al. 2003;  Yang et al. 2004).

Tanggula Moun tain is lo cated in the in te rior of the Ti -

betan Pla teau. The un der ly ing sur face is high-al ti tude per -

ma frost and the veg e ta tion is dom i nated by al pine frost

grass land and al pine frost meadow spe cies. With the warm -

ing of global cli mate, the per ma frost ex hib ited a ten dency of

deg ra da tion which in flu enced on the veg e ta tion and the en -
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vi ron ment. Over the past 30 years, the area of per ma frost in

Xidatan re gion on the Ti betan Pla teau de creased about 12%

due to cli mate warm ing, and the low est el e va tion of per -

mafrost re ceded 25 m (Wu et al. 2005). More over, in the

last 15 years the area of al pine frost swamp meadow eco sys -

tem in Kunlun Moun tain-Tanggula Moun tain re gion sharply 

de creased about 28.1% (Wang et al. 2006). Such changes

influence the lo cal mi cro cli mate on the Ti betan Pla teau.

The main pur pose of this pa per was to in ves ti gate the

char ac ter is tics of the mi cro cli mate in typ i cal per ma frost re -

gion on the Ti betan Pla teau. The work was mainly about me -

te o ro log i cal ob ser va tions. Ohata et al. (1994) re ported the re -

sults of me te o ro log i cal ob ser va tions in the Tanggula re gion

from 1989 to 1993 un der the aus pices of the Cryosphere Re -

search on Qingzang Pla teau (CREQ) Pro ject. He in di cated

there were only a lim ited num ber of per ma nent me te o ro log i -

cal sta tions in this area and mea sured el e ments were too few

to ob tain. How ever, me te o ro log i cal ob ser va tions were im por -

tant to un der stand and sim u late land-at mo sphere in ter ac tion

(Su and Chu 2007; Lebedev and Kostianoy 2008; Shih 2008). 

The me te o ro log i cal ob ser va tions were nec es sary on the Ti -

betan Pla teau.

2. SITE AND IN STRU MENTS

The ob ser va tion site be longs to the Cryosphere Re -

search Sta tion on Qinghai-Xizang Pla teau, Chi nese Aca -

demy of Sci ence, which is a per ma nent sta tion and pri marily 

mon i tors the per ma frost en vi ron ment. The site (91°56’E,

33°04’N, 5100 m asl) lies on a gen tle slope near the

Qinghai- Xizang high way in the Tanggula re gion com prised

of con tin u ous frozen ground re gion (Fig. 1). The un der ly ing

is per ma frost and the veg e ta tion is al pine frost grass land.

The ob ser va tions rely mainly on a 10-m-high me te o ro -

log i cal tower. The in stru ments and mea sure ment heights are

pre sented in Ta ble 1. Power is sup plied by the so lar pan els.

The data was ac quired by the CR23X data col lec tor. Its fre -

quency was 30 sec onds; how ever, the air pres sure was ob -

tained by the LI7500 sen sor of the open path eddy co va riance

sys tem at a fre quency of 10 Hz. The data col lec tor of the eddy

covariance sys tem was CR5000. The power was sup plied by

the so lar pan els as well. The ob ser va tion pe ri ods were th -

rough out 2005 and the re corded time was Beijing time.

3. AN NUAL VARI A TIONS OF ME TE O RO LOG I CAL
EL E MENTS IN 2005

3.1 Air Pres sure and Wind Ve loc ity

The vari a tion trend of the air pres sure was sim i lar to the

re sult of sta tion D105 (90°04’E, 33°00’N, 4990 m asl)

which is near the ob ser va tion site (Ohata et al. 1994; Zhang

et al. 1994). The air pres sure was high in the sum mer and

low in the win ter (Fig. 2a). It was con sis tent with the vari a -

tions of the air tem per a ture. On av er age, the air pres sure was

542 hPa in the spring, 544 hPa in the sum mer, 545 hPa in the

au tumn, and 538 hPa in the win ter. The mean air pres sure for 

the year was 542 hPa which was lower than sta tion D105

11 hPa per haps ow ing to the dif fer ence of the site/sta tion al -

ti tude (Zhang et al. 1994).

Wind ve loc ity was high in the win ter but low in the sum -

mer (Fig. 2b). The mean an nual wind ve loc ity at 10 m height

was 4.9 m s-1. The max i mum wind ve loc ity oc curred in Feb ru ary 

and the min i mum ve loc ity oc curred in Au gust. The max i mum

wind ve loc ity was 22.4 m s-1 through out the year. The monthly

wind ve loc ity is shown in Ta ble 2. The vari a tions in wind ve -

loc ity was also sim i lar to sta tion D105 (Ohata et al. 1994).
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Fig. 1. Lo ca tion of the ob ser va tion site.



3.2 Air Tem per a ture, Rel a tive Hu mid ity and Spe cific
Hu mid ity

The air tem per a ture in this re gion was low due to its

high al ti tude. It was neg a tive in win ter or spring and pos i -

tive from June to Sep tem ber (Fig. 3a). Au gust was the hot -

test month and Jan u ary was the cold est (Ta ble 3). The max -

i mum air tem per a ture value was 15.3°C and the min i mum

was -27.5°C over the year. The an nual air tem per a ture

range was large and about 20.5°C, and sim i lar to the re sults
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Fig. 2. Vari a tions of the air pres sure (a), the wind ve loc ity at 10 m (b) in 2005.
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at sta tion D105. One of the rea sons may be the deep iso la -

tion and low den sity of air due to the high al ti tude (Ohata et

al. 1994).

The mean air rel a tive hu mid ity was 55.9% in 2005. It

had large sea sonal char ac ter is tics which were high in the

sum mer and low in the win ter (Fig. 3b). This may be at -

tributed to the ef fects of the mon soon and the thaw ing of

the active layer. Pre cip i ta tion was con cen trated in the sum -

mer be cause of the mon soon, and it brought much wa ter va -

por to the air. More over in the sum mer, the ac tive layer

thawed and led to an in crease of the sur face mois ture which

could help to en hance the evapotranspiration and bring

much wa ter va por to the air.

The spe cific hu mid ity is the mass ra tio of the wa ter va -

por to the air. It was ob tained by Eq. (1):

(1)

where q is spe cific hu mid ity and the unit is g g-1 or g kg-1; p

is air pres sure, and the an nual av er age value 542 hPa was

used here; e is wa ter va por pres sure and e is the con stant of

0.622 (Sheng et al. 2003).

The vari a tions of the spe cific hu mid ity were greater

and had more clearer sea sonal char ac ter is tics (Fig. 3c).

The an nual av er age spe cific hu mid ity was 3.41 g kg-1. Au -

gust was the wet test month and De cem ber was the dri est

(Ta ble 3).

3.3 Ra di a tion

The ra di a tion fluxes were listed in Ta ble 4 in clud ing

down ward-short-wave ra di a tion, up ward-short-wave ra di a -

tion, down ward-long-wave ra di a tion, up ward-long-wave

ra di a tion, net ra di a tion and photo-syn thet i cally ac tive ra -

diation (PAR). Ex cept for the up ward-short-wave ra di a tion,

the ra di a tion types tended to in crease in sum mer and de -

crease in win ter. The up ward-short-wave ra di a tion was af -

fected strongly by the con di tions of the un der ly ing sur face,

such as the growth of veg e ta tion, frozen or thawed ground

sur face and snow cover. The snow data in di cated that the

ground sur face was cov ered by snow dur ing Jan u ary, May,

Oc to ber, and No vem ber in 2005. The up ward-short-wave

ra di a tion be came cor re spond ingly large and af fected the
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Fig. 3. Vari a tions of the air tem per a ture (a), rel a tive hu mid ity (b) and

spe cific hu mid ity (c) at 2 m in 2005.

(a)

(b)

(c)



albedo re sults. The albedo was low in sum mer but high in

win ter (Fig. 4). There were sev eral rea sons: the veg e ta tion

was pres ent in the sum mer which in creased the sur face

rough ness and de creased the albedo. The pre cip i ta tion con -

cen trated in sum mer be cause of the mon soon, more over the

ac tive layer was thawed, and then the sur face mois ture be -

came high which led to the de crease of the albedo. How ever,

the ac tive layer was frozen and lit tle veg e ta tion was pres ent

in the win ter so that the albedo dur ing that time was higher.

If there was snow on the ground, the albedo would in crease

much higher (Fig. 4). The sim i lar re sults were ob tained at

other sites on the Ti betan Pla teau, such as Amdo. (Li and Hu

2006, 2009). In sta tis tic, the mean albedo in this re gion was

0.31.

3.4 Pre cip i ta tion and Soil Mois ture Con tent at 5 cm

Pre cip i ta tion in this re gion mainly fell in the sum mer

be cause of the mon soon (Fig. 5a). And July had the larg est

monthly rain fall. The larg est daily rain fall was 20.1 mm d-1

which ap peared in Au gust. The to tal pre cip i ta tion was

538.2 mm y-1 in 2005 (Ta ble 5). Of course, there were some

un avoid able dis tur bances dur ing the mea sure ments of the

pre cip i ta tion in win ter time, such as blow ing wind.

The changes of the soil mois ture con tent mainly de -

pended on the freez ing or thaw ing pro cess of the ac tive layer 

and the pre cip i ta tion. The ac tive layer was thawed dur ing

May - Oc to ber so that the soil mois ture con tent in creased in

this pe riod (Zhao et al. 2000). Pre cip i ta tion was im por tant

to the vari a tions of the soil mois ture con tent. The ex treme-

 value points of the soil mois ture con tent cor re sponded to the

rain fall events re spec tively (Fig. 5b). The sum mer con cen -
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Fig. 4. Vari a tions of the albedo in 2005.



tra tion of the pre cip i ta tion in flu enced the soil mois ture con -

tent greatly as well.

3.5 The Di ur nal Vari a tions

Sep tem ber 7th of 2005 was a typ i cal clear day in this re -

gion. It was se lected to show the di ur nal char ac ter is tics of

the me te o ro log i cal el e ments (Fig. 6).

It was showed that the air pres sure was high dur ing the

day time but low at night and its vari a tion range was about

1 hPa. The wind ve loc ity was low in the morn ing but high in

the af ter noon cor re spond ingly with the air tem per a ture, be -

cause the vari a tions of the air tem per a ture could in flu ence

the tur bu lence ac tiv ity. The spe cific hu mid ity was high in

the morn ing but low in the af ter noon. It was in flu enced by

the vari a tions of the wind ve loc ity. The vari a tions of the

wind ve loc ity, air tem per a ture and spe cific hu mid ity were

close. The albedo took on the vari a tions like a “U” shape be -

cause of the in flu ence of the so lar altitute. The vari a tions in

soil mois ture con tent were the same as air tem per a ture.

4. CON CLU SION

This pa per made a note about the me te o ro log i cal ob ser -

va tions in the Tanggula re gion on the Ti betan Pla teau in 2005

wherein:

1. The mean an nual wind ve loc ity was 4.9 m s-1 and the

mean air pres sure was 542 hPa. Air tem per a ture in the re -

gion was low. The max i mum air tem per a ture was 15.3°C

and the min i mum was -27.5°C. The mean rel a tive hu mid -

ity was 55.9%. The mean spe cific hu mid ity was 3.41 g kg-1.

The mean albedo was 0.31. Pre cip i ta tion in this re gion

was con cen trated in the sum mer be cause of the mon soon.

The to tal pre cip i ta tion was 538.2 mm y-1 in 2005.

2. The air pres sure was high dur ing the day time and low at

night. Vari a tions of the wind ve loc ity, air tem per a ture

and soil mois ture con tent were sim i lar, low in the morn -

ing and high in the af ter noon. The spe cific hu mid ity was

high in the morn ing and low in the af ter noon. The vari a -

tions of albedo were “U” shaped be cause of the so lar

height an gle.

3. Long du ra tion me te o ro log i cal ob ser va tion on the Ti betan

Pla teau is nec es sary for at mo sphere and geo graphic re -

search. The con tin u ous ob ser va tion re sults are im por tant

for fur ther study and should be con tin ued in which more

ob ser va tion points should be set up on this Pla teau.
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Fig. 5. Vari a tions of the pre cip i ta tion (a) and soil mois ture con tent at 5 cm (b) in 2005.
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